
Multi-Spaccwraft  Coherent l)oppler and Winging for
lntcrplandary Navigation

Abstracl

1 Mute  inkt planchrj’  mission L’(mccpK  m i ncwwsi np,ly f(xmsinf, on multi- spxxwtf[
missions :ind (NI mall sampJc I CIUI n missi(ms uhich  ma> in\(~l\e  [hc rctdcz,t’ous  bclNIccn
:1 spamv  aft urhich bl”ing,s  a sampJc from Ihc SUII’;KT (i a soJaI S>rstcm  body and a spacw W
It’hich  \\’Ill Iclum []lc sample’  k) the ] iwlh. ‘J’hcw !)’pcs (i missions pkc hg,hi rc(Juilclucnls
011 the knov’Jcdgc of [hc wlalif>c  Jmi(ions of lhc spaccctai’1. 1 Jislcmic;illy  spacecraft
]x)siliom ha\Ic bum dc(m mind b) (1w usc {)1’ radio mdric  data (1 X)J@ct- t~nd range)
bc[ i~ccn lhc sJxwxxwft  and Icucs[rial rcwi \i ng sla(i(ms. ‘Illc USC of l\\’() ilKk’Jx’lKlcnt

spauxral’t  10  :, IOLIIKI  tadic)  Jinks  f_(M multi-  spacccrtt[’(  missions is irmll’iciml in ][s ma:c of
limikd  g,t (Nmd  rcsourccs  ml frcqucnll)’  d(m nol pr(n’idc  an adcqmk  Llclcttllitl:tlioll  of” Ihr
tr]ali  YC spat’co aft Jx)sl  lions.  1 ISC c)f radio md ric data (wig,i na[ing, (m (WJC spaccct”dl which
is lhcn rccci Jfcd, pwccsscd, and ci the.r tclcIIIctcI  cd to IJN ] larlh tw JW(KCSSCd  (m bwir d call
prtnidc  a m(wc di twl mcasurcmcnl  {Jf sJxwxwrctfl I c1 tlti \’c p~~sit ions. Such a sys(cm lf’as
al I id atxxiJd Ihc Mws (hf’nv}”  spamvaft  as pitl  (f the hhrs }kil tmm ]<cla)’ packaf!c  that
IIIW to track  Russitin Ivlats Jandcrs, I loI\mcI,  these systems place a tight rcquircmcnk  (m
the st:ibiJi(~  of (mb(wd frcqmmy  standmis  (m Ix)lb spacccI all ad (m ihc prccisi(m of the
data CXI I xl i(m haf dl{’wc on Ihc spacecraft,

An a](crnali\’c is k> csknd  lhc cohcl CW1 NIC)UIN] k) spat’cci a(”t link thI’(NIf,h OIW
SPX.CC1  af’( to thC ()[ hCI’  [tfld (hCll  I() hC :,1 olll)(i  (M’ bW’k  h’oll{?,h  t}K’ fl I S[ SJXICCCJ’tlf”t  d (() hC
:,J OIIIKI rccci\cI. AJthoLI@ initially aJJJJcarin#,  l{) c(mJJ}icdc  IIW seJw;ili(m (f Ihc d}’mmics
of Ihc Iwo sJmwrafl,  this paJw \vill  shmv Ih:i( in dud aJJJ}lic:ilion,  jdiri(m sclccti(m of’
SJXWXif[  Mns}xm(kl-  ft’cqucncy  ratios N)(] k usc of CdlCI’CJl[  J k)pp] Ct ad ldtl:,i  1)/,  :Hld
Ihc dc]-i  Ycd t)bscnfablc, 1 JI<VI I J (1 ~iffcrcnuxl Ran:,c  \Is. J t](cgt-itlcd 1 )opplcr) can al km 1’(M
Ihc :Icmdim of’ observable  cqualions  which  :irc donlin:i(cd 13J lhc spacccrdf[ to spacccld”l
Jink. ‘1’his is duc 10 Ihc fNl th:it  allhoup,h II am}xmkl’ frcqumcy I“tt(ios affcd  lhc ] )OJ)J>]Ct”

obsct \JabJ c t hqt do IN)I affcd  Ihc rang,inp, obscr\fablc. Ctmscqucnily,  Ihcsc ta(ios cm bc
chosen  such (hal Ilw cff’cd (Ml a 1 >RVI l) obscnwb]c  of a }m[h kn$h chang.c ()\rCI (N1C Ji Hk
can bc m:iximimd, ~!hilc I}IC cffcc[ of othm links can bc minimi~c~j. Numcricd amdysis
shmf’s  th:d this pi{n’ides si p,nif icanllj)  ]mJm~\rcd nal’i g:ition  capabili  [y, cn’cr ICI CJ?ICICI cd
s} ’skins and mulfip]c 1 ~klh !0 spacccriifl link,  \\hilc decreasing the dcmmds tm the
spaccc.raf’(  hdwarc caJx~bi  1 i Iim.
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